To evaluate two performance-based measures of functional status and assess their correlation with self-report measures.
I
n the last 15 years, a tremendous amount of research on quantifying how well individuals function has been reported. 1 Valid, reliable instruments have been developed to measure impairment, screen for early disability, and measure change over time. Assessing function is particularly important in the elderly, as the prevalence of functional disability increases with age. 2 Most instruments have relied either on patient self-report, 3 or on direct observation of the individual performing a variety of tasks (performance-based measures). 4 Although there is widespread agreement that screening for functional status in older persons is important, 5 the preferred method is still uncertain. Moreover, it is unclear whether self-report and performance-based measures can be used interchangeably. Previous studies comparing different measures of functional status assessment have typically found a good but not great correlation. The reason for this less-than-perfect agreement is not clear. Some possibilities are that the scales are measuring different aspects of function, that function is too complex to measure precisely with questionnaires or short performance assessments, or that the method of assessment is responsible for the differences. 6 When considering screening for functional impairment in clinical settings, several questions remain: Which instrument should be used? Is one method (self-report vs performance-based) preferable? Does the method of measurement affect the type of impairment detected? Using data obtained from community-dwelling elders, we addressed three study questions: (1) whether two commonly used performance-based measures, the National Institute on Aging (NIA) Battery of lower extremity function 7 and the Physical Performance Test (PPT), 8 are reliable and valid; (2) how well these two performance-based measures correlate with each other and with self-report measures of function; and (3) whether there are particular areas in which these two types of measures correlate highly.
METHODS
We used data from subjects participating in Project Safety Net, a randomized controlled trial of comprehensive geriatric assessment in community-dwelling older subjects 9, 10 Briefly, Project Safety Net recruited Englishspeaking subjects aged 65 years or older who had a telephone and met the following criteria: did not live in a nursing home; had one of the following four conditionsurinary incontinence, depression, history of falling within the last 6 months, or impaired functional status; was not cognitively impaired (Mini Mental State Exam [MMSE] 11 score Ն 24); and was willing to give informed consent. We recruited subjects through senior centers and retirement homes, predominantly in lower socioeconomic areas. After a brief description of the study, subjects completed an 11-minute, 30-item screening questionnaire that included three subscales of the Functional Status Questionnaire 12 (basic and intermediate activities of daily living, and social activities) and questions on depression, 13 urinary incontinence, 14 falls, 15 and demographics. Subjects who answered positively to the question on depression also completed the 30-Item Geriatric Depression Scale (GDS). 16 Final inclusion criteria were falling within the warning zone on any of the Functional Status Questionnaire subscales, a positive answer to both questions on incontinence, score of 11 or higher on the GDS, or a positive answer to the falls screening question. Subjects who met one or more of these final criteria and had a primary care provider then underwent a 90-minute interviewer-administered survey and performance-based assessment of physical function. The questions included the Medical Outcome Study Short Form-36 (SF-36), 17, 18 the Patient Satisfaction Questionnaire, 19 the Perceived Efficacy in Physician-Patient Interactions Scale, 20 the Illness Self-Mastery Scale, 21 and questions on restricted activity days. 22 All subjects completed two tests of physical performance, the NIA Battery and the PPT. The NIA Battery assesses lower extremity function and tests balance, gait, strength and endurance. 7 Subjects are rated on their standing balance, how long it takes to complete an 8-foot walk, and how long it takes to get up from a chair and sit down again five times. Each of the three items is scored from 0 to 4, giving a total possible score range of 0 to 12.
The PPT assesses both lower and upper extremity function. 8 The version used in this study consists of seven items, each scored from 0 to 4, for a total range of 0 to 28. It includes writing a sentence, simulated eating, simulated dressing, picking up a penny, placing a heavy object on a shelf, turning 360 Њ , and walking 50 feet.
The SF-36 from the Medical Outcome Study 17 (also known as the RAND 36-Item Health Survey 1.0 18 ) is a multidimensional survey that assesses patient function and well-being. It consists of eight subscales that have 2 to 10 items each. The subscales include physical functioning, role limitations due to physical problems, social functioning, bodily pain, general mental health, role limitations due to emotional problems, energy/fatigue, and general health perceptions. The Physical Function Subscale (PF-10) includes 10 items that span a range of tasks and activities, such as participation in moderate or vigorous activities, climbing one flight of stairs, walking, and bathing or dressing. Subjects report for a typical day the extent to which their health limits them in these activities, with choices being "not limited at all," "limited a little," or "limited a lot." The PF-10 and the other subscales of the SF-36 are each scored on a range of 0 to 100, with 100 being the best possible score.
Basic activities of daily living (BADL) and intermediate activities of daily living (IADL) are two of the subscales of the multidimensional Functional Status Questionnaire. 12 For each of these, subjects were asked to report during the past 4 weeks how much physical difficulty they have had with a specific item, such as moving in and out of bed, walking several blocks, errands such as grocery shopping, or driving a car. The five possible responses for each item are "usually done with no difficulty," "some difficulty," or "much difficulty"; "usually did not do because of health"; and "usually did not do for other reasons." As with the PF-10, each of these two subscales has a range of 0 to 100, with 100 being the best possible score. Warning zones are considered to be below 90 for the 3-Item BADL and below 73 for the 6-Item IADL.
We measured the internal consistency of each scale using Cronbach's ␣ . 23 We computed the Pearson product moment correlates between scales and among items within scales. Correlations between scales were also disattenuated. We assessed differences between correlations using Student's t tests for dependent correlations. 24 We assessed construct validity by looking for both convergent and discriminant validity. 25 Convergent validity determines whether the performance-based measures correlate highly with other measures of similar concepts, such as physical functioning. Discriminant validity determines whether the performancebased measures correlate poorly with concepts less closely related to function, such as patient satisfaction. Specifically, we anticipated that the performance-based measures would be significantly related to physical function, physical role function, general health, and pain subscales of the PF-10; age; and the number of medications. We anticipated that the measures would not be related to emotional wellbeing and emotional role function subscales of the PF-10; MMSE score; and measures of depression, patient satisfaction, perceived efficacy, and illness self-mastery. To test construct validity of the two performance-based measures, we split each distribution at the median and compared mean scores for the group that scored below the median with the group that scored above.
We used both a priori and a posteriori methods to see if there were areas of high and low concordance between the performance-based and self-report measures. We used a framework developed at a 1993 NIA-sponsored conference on assessing function (D. Reuben, unpublished data). This framework provides an overlay to fit performancebased measures into the model of function developed by Verbrugge and Jette, 26 as well as others. 27, 28 The model states that function and performance can be seen as a hierarchy of four progressively more integrated levels, ranging from basic components of physical function (such as strength or balance) to specific physical movements (such as sitting, standing, or reaching) to goal-directed activities (such as writing or eating) to personal role choices such as working or exercising. Using this scheme, we classified each item from the PPT, NIA, and PF-10 into one of three categories: a basic component of physical function, a specific movement, or a highly integrated activity (combining goaldirected activities and personal role choices). We hypothesized that there should be a higher correlation between items from different scales within the same category than between items that fall within different categories. For example, the PF-10 questions on specific movements should correlate more highly with the PPT items on specific physical movements than with the PPT items on more highly integrated activities.
For the a posteriori method, we assessed the correlation between each item of the NIA and PPT with the overall score for the PF-10. Noting that the mean and median of these correlations were both 0.30, we split the items into those with higher ( r Ն .30) and lower ( r Ͻ .30) correlations. We then looked at the items with lower correlation and at those with higher correlation to see if there were discernible patterns. We also looked at seven pairs of items from different scales that we would expect to be highly correlated, such as bending/kneeling (PF-10) and picking up a penny (PPT), or bathing/dressing (PF-10) and putting on a jacket (PPT), to see if there was in fact a particularly high correlation. We used SPSS for Windows version 6.1 to perform all analyses.
RESULTS
The average age Ϯ SD for the 363 subjects in our study was 75.9 Ϯ 5.9 years. Subjects were taking an average of 2.5 Ϯ 2.2 medications and had a mean MMSE score of 28.2 Ϯ 1.4. Table 1 shows the characteristics of the different measures of physical performance and functional status. There were essentially no floor or ceiling effects for the PPT, NIA, or the physical function subscale of the SF-36 (PF-10). There was a substantial ceiling effect for the two measurements of activities of daily living, particularly basic activities of daily living. Internal consistency was moderately high for each of the scales and very high for the PF-10.
The correlations between the scales are shown in Table  2 . There was a very high correlation ( r ϭ .71) between the two performance-based measures, and a good correlation ( r ϭ .37-.50) between either of the two measures and the three self-report measures of functional status. The correlation between the NIA and PPT scores was significantly higher than the correlation of either performance-based measure with the three self-report measures ( p Ͻ .001 for each comparison). Disattenuated correlations, shown above the diagonal, reveal the same pattern.
Our assessment of the construct validity of the two performance-based measures-whether they are related significantly with similar measurements and less strongly related to dissimilar measurements-is shown in Table 3 . Means are given for subgroups defined by dividing the PPT and NIA groups at the median of their respective distributions. The results were very similar for each of the two performance-based measures. In general, constructs associated with physical function such as general health, age, energy, and pain, did differ between the group below the median and the group above the median. Constructs that do not have as clear a logical association with physical function, such as emotional state, patient satisfaction, and perceived efficacy in communicating with the provider, showed no difference between the groups.
We split the PF-10 and PPT into specific movements (e.g., lifting) and more highly integrated activities (e.g., walking several blocks or writing a sentence). The NIA has only specific movements. Table 4 shows the correlation between the different parts of these three instruments. As shown in the bottom row, the NIA specific movements had a higher correlation with specific movements on the PF-10 and PPT than with the more highly integrated activities on the PF-10 ( p Ͻ .02) and PPT ( p Ͻ .001). Similarly, the specific movements on the PPT had a higher correlation with the specific movements than with the more highly integrated activities on the PF-10 ( p Ͻ .02). However, the more highly integrated activities on the PPT correlated no better with the more highly integrated activities than with the specific movements on the PF-10 ( p ϭ .71).
When looking at specific items in the NIA and PPT, the total PF-10 score had correlation Ն .30 with the following performance-based items: putting on/or removing a jacket, picking up a penny, getting up from a chair, and walking either 8 or 50 feet. In contrast, the total PF-10 score had a lower correlation ( r Ͻ .30) with the remaining performancebased items: writing a sentence, simulated eating, placing a book on a shelf, turning 360 Њ , and standing balance.
Pairs of similar items from different scales were correlated, but the correlations were in general no better than pairs of dissimilar items from different scales. For example, the correlation between putting on a jacket (PPT) and bathing or dressing (PF-10) was .24, while its correlation with other items on the PF-10 ranged from .16 to .30. Similarly, picking up a penny (PPT) correlated well with bending or stooping on the PF-10 ( r ϭ .33), but also with many of the other PF-10 items ( r ϭ .17-.32, with more than half of the correlations between individual items exceeding r ϭ .25).
DISCUSSION
Our first study objective was to determine whether two commonly used performance-based measures were reliable and valid. We found that in this study of communitydwelling older persons, the two performance-based measures studied-the NIA Battery 7 and the PPT 8 -are potentially useful. Both are internally consistent, with Cronbach's ␣ of 0.60 and 0.67, respectively. Neither suffers from either floor or ceiling effects in this population of communitydwelling elders. Both appear to have construct validity.
Our second study objective was to determine how well these two performance-based measures correlated with each other and with other measures of functional status. The two performance-based measures were highly correlated with each other ( r ϭ .71). They also correlated, although to a lesser extent, with self-report measures of functional status ( r ϭ .37-.50). The disattenuated correlation was 1.00 for the two performance measures and correlations exceeded 0.56 for other measures. This result suggests that any of these measures are potentially useful for screening in primary care.
Our final study objective was to determine if there are particular areas in which these two types of measures correlate highly, to help determine what kind of functional impairment each instrument detects. Our hypothesis was that performance-based measures and self-report measures are assessing aspects of function that are similar but not identical, like overlapping circles on a Venn diagram. The disattenuated correlations clearly support this hypothesis. To further test this, we used a framework developed at a 1993 NIA-sponsored conference on assessing function (D. Reuben, unpublished data). Our results support this hypothesis, as in most cases we found a significantly higher correlation across scales between the same level of function (e.g., specific movements) than between different levels of function (e.g., specific movements with more highly integrated activities). However, this is not the entire story, as similar items on different scales did not correlate as highly as expected. For example, putting on a jacket did not correlate better with bathing and dressing than with most of the other items on the self-report scale, the PF-10. This lack of a high correlation may be due to the fact that the PPT asks the patient to do something, while the PF-10 asks whether the patient has been able to do something. Alternatively, it may be an "instrument effect," where items from a scale correlate more highly with each other than with items from outside the scale, owing in part to similar wording and structure. We believe that for each of the four levels of the model described above (basic components, specific movements, goal-directed activities, and personal role choices), there are three aspects-capability, motivation, and perception. Thus, how subjects answer or perform is affected by what they can do (capability), what they want to do (motivation), and what they feel they can do (perception). Therefore, a selfreport measure assessing more highly integrated activities (such as working or shopping) may not correlate highly with a performance-based measure assessing specific movements (such as picking up a penny) because they are measuring different levels of function. Similarly, two measures assessing the same level of function may still not correlate highly if one is more influenced by motivation or by perception. Our findings are consistent with this model, but other explanations are certainly possible. This may provide direction for future research, although assessing motivation and perception has been difficult. In a recent paper, Glass breaks function down into three "tenses": the hypothetical (can do...), the experimental (could do...), and the enacted (do do...). 6 Our categories are very similar to those of Glass, with the chief difference being that ours emphasize motivation a bit more than his do.
Primary care providers and administrators are faced with the question of whether to screen for functional impairment and, if so, how to do it. Because functional disability is common, serious, possible to diagnose, often overlooked, and often modifiable, many have chosen to screen older patients for it. A wide range of questionnaire measures are available (e.g., Functional Status Questionnaire, 2 SF-36, 17,18 Short Form-12 29 ) or performance-based measures (e.g., PPT, 8 NIA Battery 7 ). Our results indicate that either questionnaire measures or performance-based measures work reasonably well. The performance-based measures are oriented toward more basic levels of function, but our results showed that there is considerable overlap. More important in deciding how to screen will be the logistics involved, including who will administer the test, who will score, and how the clinician will be alerted about abnormal results. Self-administered questionnaires have less initial cost, but the data still must be transformed into a useful form. The performance-based measures require someone to administer them, but take only a few minutes and are easy to score. Two very simple and reliable options would be the Short Form-12 (a 12-item questionnaire) or the NIA Battery (a 3-item performance-based measure). Probably the most important issue for any office or system of care will be how to get the primary care provider to act on the results. Past studies indicate that simply giving the clinician the patient's score and the reference range has no effect on provider behavior. 30 Something more detailed, such as specific advice on how and where to refer, is generally needed to effect a change in provider behavior, 31 and even that may not be sufficient. 32 Several other studies have looked at how well performance-based measures correlate with self-report questionnaires. There has consistently been a moderately good correlation between performance-based measures and individual self-reported items. [33] [34] [35] The correlation has generally been better for lower extremity skills than for upper extremity skills. However, we did not find that the NIA Battery (which includes only lower extremity skills) correlated any better with the self-reported measures of functional status than the PPT did (which also includes upper extremity skills). There also has been a moderately good correlation when comparing entire scales. [36] [37] [38] Only one study to date has examined why performancebased measures and self-report measures of functional status are not highly correlated. Kempen et al. studied the relation between self-report measures and performancebased measures in a subsample of the population-based Groningen Longitudinal Aging Study. 39 They found that subjects with more depressive symptoms and those with lower levels of perceived physical competence were more likely to "underestimate" their self-reported functioning (in comparison with the performance-based assessment).
Our study has several limitations. First, our subjects lived in or around Los Angeles, and it is not clear whether our results apply to other geographic areas. Second, our subjects all agreed to participate in a randomized trial, which may make them somewhat different from subjects outside the trial. Finally, our subjects were communitydwelling elders who all had a primary care provider. There are certainly other groups (e.g., nursing home patients) to whom these results may not apply. Furthermore, the entry criteria were weighted toward those with some dysfunction, as subjects were required have depression, urinary incontinence, functional impairment, or a history of falls to enter the study.
Our study adds to the literature in several ways. First, it is the first study we know of that compares two different performance-based measures in detail. Second, it adds information on how and where the two performancebased measures correlate with some commonly used questionnaire measures of function. Unfortunately, our results only partially agreed with the model we had hypothesized. The model we outline presents a plausible explanation for why the agreement was less than we had expected. A challenge for future researchers will be to develop a reliable way to assess the motivational component of each of these measures.
